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专用缩写词英汉对照表 
1D = One-Dimensional 一维 
2D = Two-Dimensional 二维 
COSY = COrrelated SpectroscopY 相关波谱 
CPMG = Carr–Purcell–Meiboom–Gill CPMG 序列 
CRAZED = COSY Revamped by Asymmetric 
Z-gradient Echo Detection 
不对称 z向梯度回波
检测改进的 COSY 
CSG = Coherence Selection Gradient 相干选择梯度 
DDF = Distant Dipole Field 
Dipolar Demagnetizing Field 
远程偶极场 
偶极退磁化场 
DMSO = DiMethyl SulphOxide 二甲基亚砜 
DQC = Double-Quantum Coherence 双量子相干 
EPI = Echo Planner Imaging 回波平面成像 
FID = Free Induction Decay 自由感应衰减 
FM = Frequency Modulation 频率调制 
FT = Fourier Transform 傅立叶变换 
FID = Free Induction Decay 自由感应衰减信号 
HOMOGENIZED = HOMOGeneity ENhancement by 
Intermolecular ZEro-quantum Detection 
分子间零量子检测
的均匀性增强 
IDEAL = Intermolecular Dipolar-interaction Enhanced 
All Lines 
分子间偶极相互作
用增强谱线分辨率 
iDQC = intermolecular Double-Quantum Coherence 分子间双量子相干 
iDQF = intermolecular Double-Quantum Filter 分子间双量子滤波 
iMQC = intermolecular Multiple-Quantum Coherence 分子间多量子相干 
iSQC = intermolecular Single-Quantum Coherence 分子间单量子相干 
iZQC = intermolecular Zero-Quantum Coherence 分子间零量子相干 
MAS = Magic Angle Spinning 魔角旋转 
MQC = Multiple-Quantum Coherence 多量子相干 
MRI = Magnetic Resonance Imaging 磁共振成像 
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MRS = Magnetic Resonance Spectroscopy 磁共振波谱 
MSE = Multiple Spin Echoes 多自旋回波 
NMR = Nuclear Magnetic Resonance 核磁共振 
NOE = Nuclear Overhauser Effect 核 Overhauser 效应 
NOESY = Nuclear Overhauser Effect SpectroscopY NOE 谱 
PFG = Pulsed Field Gradient 脉冲梯度场 
PRESS = Point-RESolved Spectroscopy 点分辨谱 
RF = Radio Frequency 射频 
SECSY = Spin Echo Correlated SpectroscopY 自旋回波相关波谱 
SEL-HOMOGENIZED 选择性
HOMOGENIZED 
SNR = Signal to Noise Ratio 信噪比 
SQC = Single-Quantum Coherence 单量子相干 
STEAM = Stimulated Echo Acquisition Mode 受激回波采样模式 
WATERGATE = WATER suppression by GrAdient- 
Tailored Excitation 
梯度裁剪激励的水
峰压制，水门 
ZQC = Zero-Quantum Coherence 零量子相干 
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中文摘要 
核磁共振（NMR）波谱技术是一种重要的无损伤、非侵入的检测技术，
能提供化学位移和 J 耦合等分子水平的信息，广泛应用于化合物结构分析和
混合物鉴定等方面。然而，要获得高分辨的核磁共振谱通常需要均匀性和稳
定性极好的磁场环境，例如磁场空间变化率一般要求低于 1 ppb/cm3。这种实
验条件很多时候是无法满足的，如在生物组织中由于存在磁化率差异等原因，
用传统的方法无法实现匀场。本文利用 Hadamard 编码技术、空间编码超快速
技术以及零量子相干(Zero-Quantum Coherence, ZQC)、分子间多量子相干
(intermolecular Multiple-Quantum Coherence, iMQC)，设计了几种不均匀磁场
下快速获取高分辨一维 NMR 谱的方法。主要研究成果如下： 
一、系统研究了 Hadamard 编解码原理以及多色组合软脉冲的设计技术，
分析了恒时相位调制空间编码演化期的信号特点以及空间编码产生的相位缠
绕、分辨率、谱宽和信噪比等问题。简要介绍了 Hadamard 编码技术和空间编
码技术的优缺点。这些工作为后面应用 Hadamard 编解码技术和超快速空间编
码技术设计脉冲序列提供了依据。 
二、由于 iMQC 可利用于在不均匀磁场中获取高分辨谱，本文利用
Hadamard 编解码技术结合分子间单量子相干(intermolecular Single-Quantum 
Coherence, iSQC)提出了一种在不均匀磁场中快速获取高分辨一维谱的方法，
同时利用 Hadamard 编解码技术结合分子间双量子相干 (intermolecular 
Double-Quantum Coherence, iDQC)信号提出了一种在不均匀磁场中快速获取
高分辨一维定域谱的方法。通过积算符公式和偶极场理论推导出自旋的演化
过程，并从原理上分析了所产生的信号的特点。实验验证了我们的理论预测，
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同时证明了在不均匀场下，这两种方法不仅可以快速获得不均匀场下化学溶
液的高分辨一维谱，而且可以获得生物组织的高分辨一维谱。 
三、ZQC 具有消除不均匀磁场影响的能力，本文利用空间编码超快速技
术结合 ZQC 提出了一种在不均匀磁场中快速获取高分辨一维谱的方法，并对
自旋的演化进行了公式推导和理论分析。实验证明该方法只需要几次扫描就
可以在大不均匀磁场下获取高分辨谱。 
 
关键词：核磁共振波谱；Hadamard 编码；空间编码；不均匀场；高分辨 
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Fast Acquisition of High-Resolution One-Dimensional NMR 
Spectra in Inhomogeneous Fields 
Ke Hanping 
 
ABSTRACT 
As a non-destructive and non-invasive experimental technique, nuclear 
magnetic resonance (NMR) spectroscopy has been used in structure and 
component analysis of organic compounds and mixtures. It delivers detailed 
molecular-level information, such as chemical shifts and J-couplings. However, it 
requiresa highly homogeneous magnetic field, with spatial variations typically 
below about 1 ppb/cm
3
 to achieve a finespectrum, which is impossible in some 
cases. For example, it is hard to fulfill the requirement for biological tissues 
samplesby traditional field shimming method due to the presence of intrinsic 
magnetic susceptibility gradients in biological tissues. In this dissertation, several 
methods wereproposedto fast obtain one-dimensional (1D) high-resolution NMR 
spectrain inhomogeneous fields. The main achievementsare summarized below: 
1. The Hadamard encoding technique and the composite pulse were 
systematically studied. The evolution of signals during the constant-time 
phase-modulated spatial encodingwas analyzed. We also discussed the problems 
existed in the constant-time phase-modulated spatially encoded method, such as 
phase winding, resolution, spectral width and signal-to-noise ratio. The advantages 
and disadvantages of the Hadamardencoding and spatial encoding were briefly 
introduced.Thesework established the basis for the subsequent application of 
Hadamard encoding and spatial encoding techniques. 
2. Intermolecular multiple-quantum coherence (iMQC) was utilized to 
retrieve high-resolution NMR spectral information in inhomogeneous fields.We 
not only proposed a pulse sequenceto fast obtain 1D high-resolution spectra in 
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inhomogeneous fields by integrating iSQC technique with Hadamard encoding 
technique, but also designed a new method to fast obtain localized 1D 
high-resolution localized spectra in inhomogeneous fields by integrating iDQC 
technique with Hadamard encoding technique. Brief theoretical derivation was 
performed to illuminate the principles. Experiments were carried out on phantom 
solution and biological tissues to verify the effectiveness of the new methods in 
yielding useful spectral information and efficiency in suppressing solvent signal 
even when the field inhomogeneity was severe to erase almost all spectral 
information. These sequences may provide promising ways for analyzing 
heterogeneous biological tissues and chemical systems.  
3. It is wellknown that ZQC is insensitive to magnetic field inhomogeneity. 
We presented an approach for high-resolution NMR spectra in inhomogeneous 
fields via intramolecular ZQC technique and spatially encoded technique. 
Theoretical analyses and experimental observations demonstrated that 
high-resolution NMR spectral information could be revived within several scans 
even when the field inhomogeneity was severe enough to erase most spectral 
information. This work provides a new way to extremely enhance the acquisition 
efficiency of high-resolution intramolecular ZQC spectrain inhomogeneous fields. 
 
Keywords: nuclear magnetic resonance spectra; Hadamard encoding; spatial 
encoding; inhomogeneous field; high resolution 
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